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ftMTpaer of Ml DIICW1PB1 

Tha invention ralataa to • recombinant tranarar 
vactor for introducing a DMA aaquanea encoding a 
recombinant protaln into an adenovlrua genoae. The 
transfar vector incluuaa an axpreeelon caaaatta coaprielng 
eequontially a tranacription proaoter, a high afficiancy 
laadar, at laaet ona aplicing eignal, an enhancer-like 
aaquanea. a cloning alta and a plurality of 
polyadenylation aitaa. 



TITL1 °» IKVEMTIOM 

High lml recombinant protein production using 
conditional helper-free adenovirue v.ctor. 
yjp.n or t»« iwraTlOW 

The Invention rilitti to adenovirus transfer 
vectore, particularly to tranafar vactora allowing for tha 
production of high lavala of raco«blnant protaina. 
P xe»oHotm T? 1?r V* TmrKKrioB 

Biological production of protaina through 
recombinant DHA tachnology haa baan ona of tha laading 
•apaeta In biotechnology raaaarch ovar tha laat dacada. 
To achlava economically viable lavala of expression while 
•till obtaining a biologically active protein, both 
eukaryotic and prokaryotlc systems have been atudied. 

Ever aince Cohen and Boyer firat Introduced 
foreign ganea Into bacterial atralna by traneformation, 
con.ld.rabl. empha.ie ha. been placed on the ua. of 
bacterial systems for the expreaaion of foreign prot.ins. 
Th. bacterial hoat of choice for the expression of 
heterologous genes has for a long time been E. coll for 
both practical and economical considerations. However, 
the insertion of cloned DMA sequences into an expression 
unit does not guarantee efficient gene expression when the 
expreaaion unit la introduced into the bacterial host 
cell. 

Hence, despits tha versatility and efficacity of 
its expression vector., with levels of expression in the 
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range of 20 to 50% of total cellular proteina, B. eoii 
suffers eeveral limitation* for the expreeeion of 
different catagoriea of heterologoue protoino eepecielly 
thoaa that undergo complex poet-tranaiatlonal 
modificatlona auch aa many viral and mammalian proteina. 
Thoaa 1 la i tat ion. include inappropriate or lack of poet- 
tranelational modificatlona, incorrect folding, 
proteolytic degradation, inefficient eecretion and, 
recently reported, amino acid nieincorpoi-etion. 

Beeauae of the limitations deecribed above for 
B. eeli expreaaion ay a tana, effort* have been directed 
towards the development of more aophiaticated expreaaion 
systems including other procaryotea, lower eucaryotae auch 
aa yeaat and higher eucaryotae ouch aa mammalian and 
inaect cella. From the review of the amaxingly vaat 
literature reporto on the expreaaion of recombinant 
proteina appears to emerge the increasingly accepted 
notion that there ia no "universal expreaaion eyatem". 
The current trende in the field ie to tailor the 
development of expreaaion eyeteme to fit the apecific 
expression needs. It ia in that perspective that insect 
virua vectors and adenovirue vectors have been initially 
developed, mainly to exploit their reapective capacity to 
expreaa recombinant proteine in inaect and human cella. 

Baculoviruaea and entomopoxvirusea are widely 
known insect vlruaee that have been ieoleted from a large 
number of inaect apeciee in widespread geographical 



locations. In recent years, baculovirue and poxvirus 
vsctors have achieved widespread acceptance for their 
ability to express protelne of agricultural and Mdlcal 
importance. Por example, a baculovirue vector was used 
to exprees ths first recombinant HIV envelop proteine to 
receive TDK approval for clinical evaluation ae a 
candidate vaccine fur AIDS* 

Poxvirue research, and sore particularly the use 
of vaccinia virus, a prototypic member of the group of 
poxviruses, has led to eukaryotic cloning and expression 
of vectore useful in various biological and medical 
applications. In 1982, Pan lea 11 and Paoletti reported in 
Proc. Natl. Acad. Sci., Vol. 1979, pp. 4927-4931 (August 
1982) that endogenous subgenomic elemente could be 
ineerted into infection* progeny vaccinia virue via 
recombination in vivo. This ability to integrate vaccinia 
virue DNA sequences into infectious vaccinia virus progeny 
suggested the possibility for inssrtion of forslgn genetic 
elements into infect ioue vaccinia virus via similar 
protocols. In order to test their assumption, Panicali 
and Paoletti inserted the herpes virus tymidine kinase 
(TK) gene into a number of vaccinia virus preparations and 
obtained pure cultures of recombinant vaccinia virus 
expressing the herpes virus gene. 

It was reported that vaccinia virus appear to 
have several advantages over other eukaryotic vectors. 
Host noteworthy was the fact that virus infectivity wae 
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not impair ad by insertion and expression of foreign gene 
In contrast to defective 8V40 and retrovirus vectors. 

The vaccinia virus has been successfully used as 
an expression vector through the Insertion of foreign 
5 genes into a non-essential region of the viral genose via 
hoaologous recombination. However, iom drawbacks havs 
also bean aasociated with the use of this virus. The most 
difficult problem appears to reside in the fact that 
vaccinia expression vectors ere not capable of producing 

10 abundant foreign proteins because of the absence of known 
strong promoters. 

Baculovirus vectors havs slso bsen used for the 
expression of foreign genes in insect cells. Indeed, in 
the case of baculovirus, two very strong and very late 

15 promoters are responsible for the expression of two 
extremely abundant proteins, polyhedrin and plO, which can 
together constitute as much as 50% of total cellular 
proteins in baculovirus-lnfected cells. 

Autographs callfornica nucleopolyhedrosis virus 

20 (AcNPV) is the prototype virus of the family 
Bantxlovirldae. This virus has a wide host range and 
infects a large number of species of lepidopterum insects. 
During AcNPV infection, two forms of viral progeny are 
produced . 

25 The first form consists of extracellular virus 

particles (ECV) that arm responsible for dissemination of 
the virus within the Infected host by either endocytosis 



or fusion. The eecond form of viral progeny is sn 
occiudsd virus particle (OV) . Theee OV psrtlclss srs 
imbedded in proteinatlous viral occlusions. Ths major 
structural protein forming ths occlusion matrix is a 
polyhedrin protsin having a molecular weight of 29,000 
da 1 tons. 

Thess viral occlusions srs sn important part of 
ths natural virus lifs cycle, providing ths ssans for 
transmission of ths virus from ons hoot to another. Thsy 
provide ths virions, s degree of protsction against 
external environmental factors that vould otherwise 
rapidly insctivats the extracellular virus particles. The 
occlusions dissolvs in ths alkaline snvironsent of the 
inssct gut, releasing ths virus thst invadss and 
rsplicatss in ths cslls of ths mid-gut tissue* 

AcNPV possesses ssveral properties that sake 
this virus ideally suited as an sxprsssion vsctor for 
clonsd eukaryotic gene a. Since occlusion of the virue is 
not sbsolutsly sssential for viral growth, the polyhedrln 
gene provides a non-eseentlel region for the AcNPV genome 
in which foreign DNA may be inserted. Placing foreign 
genes of interest under the control of either the 
pol/hedrin of the plO promoter have led in ths best cases 
to production of recombinant proteina at 20-25% of total 
cellular proteins, Ths rapid construction of sfficient 
transfer vectore has also been facilitated by the 



relatively low complexity of gene regulation in the 
expreeeion or the polyhedrln and plO baculovirue genes. 

Using tha properties of AcNPV, a wide variety of 
eukaryotic and prokarydtic genes hava baen expressed 
successfully with baculovirue vectors in inaact calla. 

Hovsver, expression lavala for dlffarant genes 
inaartad Into tha aam vaetor ara oftan dlffarant and ara 
ralatad to tha langth and natura of tha laadar sequence 
proceeding tha foraign gana. Evan In tha bast aval labia 
vac tor a, thara is some variability in expreeeion lavala 
dapanding on factors such as tha natura of tha gana and 
tha protain axpraaaad. 

Furthermore, careful characterisation of 
miMrous recombinant protaina has pointad to aome problems 
in poat-tranalational modifications in inaact calla, auch 
as impaired glycosylation, lncoaplata protaolytle claavaga 
of poly protain precursors, and inafflcisnt aacratlon. 
Thia would appear to preclude the utilisation of this 
expression system for the production of numerous complex 
mammalian proteins. In this regard, other alternatives 
better auitad for the expraaaion of mammalian protaina, 
such as adenovirus vectors, were also developed. 

Adenovirusea (Ad) have first been isolated over 
three decades ago. Since then, many efforts have been 
invested into defining their biological properties. The 
intimate association that thess viruses have with their 
host during infection has potentiated their value aa tools 



for exploring the aechanieae of McrwoltcuUr 
biosynthesis in aaaaalian cells. 

The temporal pattern of adenovirus infection of 
human calla ia ganarally deaarcated Into two phaaaa of 
•xpraaaion, early and lata, which ara separated by the 
onset of replication after about • houre. Early in 
infection, at leaet 7 promoters are act'.ve, generating 
tranacrlpta froa early regions 1-4. Over 30 aessagers 
eorreaponding to the early regions have been identified by 
UNA analysis and/or cDHA cloning. 

In contrast, the high levels of expression of 
the abundant viral late proteins are the result of the 
strong transcriptional activity of one promoter, the aajor 
lata promoter (MLP) which is responsible for the 
production of soae twenty lata proteins encoded by an 
equivalent number of aRMA's. Thess aRHA's are all derived 
froa one very long priaary transcript by saturation 
processes involving diffsrentlal splicing and 
polyadenylation eventa. Aaong those late proteins, three 
structural proteins, namely hexon (15-20% of total 
cellular proteins), fiber (8-10%), and penton (2-4%), and 
one non-structural protein naaed 100K (5-10%), constitute 
collectively as such as 15% of total cellular proteins in 
Ad-infected cella, whereas the reaalning ainor late 
proteins would constitute some 5%. Figure 1 shows an 
autoradlograa of the late etruetural proteins 
aetabollcally labelled with S 35 methionein froa adenovirua 



infected 293 calls. The AdPyR39 recombinant wes produced 
following the description provided by Hassle ct al. in 
1986, Holecular end Cellular Biology, Vol. 6, Ho. 8, pp. 
2872-2883, hereby incorporated by reference. The relative 
abundance of these late viral proteins can fluctuate 
depending on infection conditions. However, little Is 
known about the mechanise which regulates this phenomenon. 
In any case, only a snail portion of ths structural 
proteins which are synthesized In copious amount, 20-30% 
of the hexon and 1-5% of penton and fiber respectively, 
are assembled Into functional nucleocapslds. Therefore, 
It was soon realized that appropriate manipulations of Ad 
genome could potentially result in the construction of Ad 
recombinants expressing foreign proteins at very high 
levels. 

The first human adenovirus (Ad) vectors have 
been developed in the early 1980'a. These vectors have 
been used to express a wide variety of viral and cellular 
genes (for a complete review, ses Berfcler (1988), 
Biotechnlques, Vol. 6, Ho. 7, pp. 616-629, hereby 
incorporated by reference) . Currently, there are three 
potential commercial applications for Ad vectors, namely 
in 1) high level expression of heterologous proteins, 2) 
life viral sub-unit vaccines and 3) gene transfer vectors 
for establishing stable cell lines or gene therapy. 

Adenovirus vectors appeared promising for 
expression of high levels of protein, since transcription 



fro* the major late promoter was ao efficient and high 
levels of tranalation were accompanied by boat protein 
syntheaia ehut-off late In Infection, facilitating protein 
i eolation. Furthermore, human adenoviruaea can replicate 
efficiently to very high tltere (10 9 * io 10 pfu/ml) in 
human cells aa well as other mammalian cells and 
adenoviruaea produce their late proteins at levels that 
reach 30 to 40% of total cellular proteins* Finally, they 
can be propagated in suspension cultures thereby 
demonstrating a clear potential for large scale 
production. 

However, becauso of the complexity in the 
regulation of gene expression in adenoviruses, the 
development of their full potential as high level 
expression vector*) lagged behind baculovirua vectors. In 
fact, the majority of recombinant adenoviruses constructed 
thus far express only low to moderate levels of 
heterologous proteins. These levels are usually lower 
than the normal levels of adenovirus late proteine. Only 
a hand-full of examples of adenovirus recombinants were 
shown to express interesting levels of recombinant 
proteins when compared to soms of the abundant adenoviral 
late proteins. Examplee include AdSVR112 (Gluzman et al., 
1982, Eukaryotlc Viral Vectors, Cold Spring Harbor 
Laboratory Press, N.Y., pp. 187-192) which expresses the 
SV40T antigen at 3.61 of total celluUr proteins (see 
Simianis and Lane, 1985; see also Figure 1) and Ad5-RR2 HSV 



which expresses the HSV ribonucleotide reductase subunit 
2 (R2) at 4.6% of total cellular protein (Lamarche et al., 
1990, Journal of Coneral Virology, 71, 1785*1792, hereby 
incorporated by reference) ♦ 

Aleo described In the literature are adenovirus 
recombinant that appear to produce foreign proteine at 
levels which are somewhat between the level at which the 
100 K protein is produced and the level at which the fiber 
protein is produced, although no accurate quantitation was 
reported in those latter cases. However, it seems that 
none of these Ad recombinant succeeded in expressing their 
heterologous protein at a level equivalent to or higher 
than the level of hexon or Tiber which are respectively 
the first and second most abundant proteins in Ad-lnfected 
cells. 

A better understanding of the molecular 
mechanisms underlying the complex regulation of gene 
expression in adenoviruses is essential in order to 
construct transfer vectors which exploit the full 
potential for high level of expression of this system. 
One example among the best recombinant cistron assembled 
so far for high level of expression of foreign genes in 
adenovirus is represented in the transfer vector pAdBMl 
(Laiaarche et al. supra), in this vector, the expression 
cassette includes sequentially: a translational promoter 
(MLP), a high efficient translational leader (Ad2 
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tripartite leader) epllcing signals, a cloning sit*, and 
multiple poiyadenylation eitee. 

Leong at al. in (1990), Journal of Virology, 
Vol. 64 , Ho. 1, pp. 31-60, raported that sequence-specif ic 
5 binding protalna ara Inducad during tha lata phaaa of 
infaction of adanovirua typa 2 (Ada). Thaaa protalna 
intaract with 3 raglona in tha first intron of tha Major 
lata promoter transcription unit from poaitiona 437 to 
468, 480 to 4105 and 4105 to 4125 ralativa to tha 

10 transcription Initiation site. To measure tha 

significance of thasa binding sitaa on transcription, tha 
binding sites vera deleted and it was found that these 
deletions caused aignificant reductiona in the rata of 
transcription, specifically during the late phase of 

15 infection. The authors concluded that the reaulta 
indicated that the high rate of transcription from the 
major late promoter during the late phase of infection 
resulted from the interaction of virus-induced 
transcription factors with 3 binding sites located in the 

20 intron between the f irat and the second active portiona of 
the tripartite leader. 

In a recent article entitled "Assembly of 
enhancers promoters and splice signals to control 
expression of transferred genes* (1990), Methods and 

25 Enzymology, Vol. 185, pp. 512-527), Kriegler indicated 
that the most critical vanable in the design of chimeric 
expreaaion cistrons is the selection of an enhancer 



element or elements for inclusion in the recombinant 
molecule. First identified in the gtno»ei of SV40 and 
murine retroviruses, enhancers are described by Kriegler 
as being the most peculiar of all known expression 
elements. Kriegler mentions that the key properties that 
make an expression element an enhancer include 1) they are 
relatively large elements and may contain repeated 
sequences that can function independently, 2) they may act 
over considerable distances, up to several thousands base 
pairs, 3) they may function in either orientation, 4) they 
may "function in a position independent manner and can be 
within or downstream of the transcribed region but can 
only function in cis (if several promotere lie near by, 
the enhancer may preferentially act on the closest) and 5) 
they may function in a cell type or tissue-specific 
manner. 

An analysis of the effects of the variation of 
position of the SV40 enhances on the expression of 
multiple transcription units in a single plasmid revealed 
two types of position effects. One position effect is 
called promoter occlusion and results in reduced 
transcription at a downstream promoter if transcription is 
initiated at a nearby upstream promoter. This effect does 
not involve enhancer elements directly, even though the 
effect is most pronounced when the o^wnstream promoter 
lacks an enhancer element. The second effect stems from 
the ability of promoter sequences to reduce the effoct of 
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a single enhancer element on other promoters in tha sane 

plasmid. 

Thus, according to Kriegler, the SV40 enhancer 
elenent is a complex structure whose function is subject 

5 to sob© position effects and whose cell-type-specif ic 
activation ifc dependent, in part, on the absence or 
presence of active cellular factors or proximal sequences. 

Another example given by Kriegler is one of a 
viral enhancer described in the hepatitis B virus. This 

10 enhancer is located 3' to the hepatitis B virus surface 
antigen coding sequences but is contained within the 
mature viral transcripts. Authors have reported that the 
HBV enhancer can dramatically increase expression levels 
of genes controlled by the SV40 enhancer/promoter but only 

15 when the enhancer is located within the transcribed region 
of the gene. Further, this effect appears to be 
orientation dependent, a violation of enhancer rules. 
Hence, the conclusion drawn by Kriegler on enhancers 
appears to be that enhancers are highly varied and 

20 function in a variety of ways. It therefore seemed 
difficult to predict where or how a so-called enhancer 
sequence may be displaced in the genome of a recombinant 
adenovirus vector to enhance expression levels. 

The human Ad KLP is one of the strongest 

25 mammalian promoters known. Although active in the early 
phase of the infection, its transcriptional activity is 
increase 30-50 fold during the late phase. It has been 
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shown that a number of cie-acting sequences are essential 
to confar tha full transcriptional activity to tha HLP 
(sea Mondlsert and Kft dinger, 1991, Nuclaic Acids Research, 
vol. 39, No. 12, 3221-3228, hereby incorporatad by 
5 ref arance) • These include an upstream element (UE) 
between -67 and -49 relative to the transcriptional start 
site, a TATA bos centered at -28, and an initiator element 
encompassing the tranecription start site. In addition, 
some downstream element (DE) have been mapped and 

10 designated, Rl (+37 to 468), DEI (485 to 496) or R2 (480 
to 4105), and OE2 (+109 to 4124) or R3 (4105 to 4125) (sse 
Figure 2). While the UE, the TATA box and the Rl 
downstream element have been shown to be important for 
baeal transcriptional activity of the HLP both at early 

15 and late times, the DB (DEI and DE2) would be essential 
for late phase specific ectivatlon. DEI and DE2 are 
functionaly redundant and probably bind to the same 
transcription f actor (s). They may also interact 
synergistically with the UE by an unknown mechanism, to 

20 bring about their late phase specific transcriptional 
activation. At this point, it is not clsar whether these 
defecting aequences are "enhancer-llks" or downstream 
promoter elements and whether enhanced expression could be 
obtained by inserting them in a transfer vector. These 

25 sequences are missing in all of the MLP currently used in 
Ad transfer vectors described so far. This appears to 
explain in part the limited success obtained with the 
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reported Ad recombinants. In any event , the inherent 
difficulty in properly evaluating the position at which 
enhancer-like or downstream promoter elements could be 
Inserted to enhance expression still remains to be solved. 
B ymtMV OT THE IKVEHTIOH 

In accordance with the present invention, there 
is provided an adenovirus recombinant transfer vector to 
be ussd in the production of high levels of heterologous 
proteins in host cells. The high levels of expression are 
obtained through the use of at least one enhancer 
sequence , optionally conjugated to other enhancer 
sequences placed at specific regions on the adenovirus 
vector. Thus, the present invention relates to a 
racombinant transfer vector capable of introducing a DHA 
sequence encoding a recombinant protein into an adenovirus 
genome. The transfer vector includes an expression 
cassette comprising a cloning vehicle having a DNA 
eequence comprising sequentially a transcription promoter, 
a high efficiency leader, at least one splicing signal, an 
enhancer-like sequence, a cloning site and a plurality of 
polyadenylation sites. The enhancer-like sequence is to 
be located between the high efficiency leader and the 
cloning site where the foreign gene is to be incorporated. 
Preferably, the enhancer-like sequence corresponds to the 
+30 to +130 AD2MLP sequence described in 1990, Journal of 
Virology, Vol. 64, Mo. 1, pp. 51-60, the contents of which 
is hereby Incorporated by reference. In another preferred 



16- 



2053187 



•■pact of the preaent invention, tha adenovirua vactor may 
alao lnoluda anothar anhanoar-lika aaquanca to ba locatad 
Immediately upatraam from tha tranacription proaotar. 

The invantion alao ralataa to a recombinant 
adanovlrua axpraaaion vactor eapablo of expressing a DMA 
aaquanca encoding a raeoabinant protain in mammalian 
cells, preferably in human cella. Tha axpraaaion vactor 
ia an adenovirua genome conpriaing a DHA aaquanca encoding 
a recombinant protein and . a DMA aaquence comprising 
■equentially a tranacription promoter, a high efficiency 
leader, at least one aplicing signal, an enhancer-like 
sequence, a cloning site and a plurality of 
polyadenylation sites. 

Also within the scope of the present invention 
is a method for producing a recombinant adenovirus 
expression vector posessing the ability to express a DHA 
aaquence encoding a recombinant protein in mammalian 
cells. The methwd comprises cleaving adenovirua DHA to 
produce a DHA fragment compriaing aequentially a 
transcription promoter, a high efficiency leader, at least 
one aplicing aignal, an enhancer-like aaquence, a cloning 
site and one or a plurality of polyadenylation aitea; 
preparing a recombinant tranafar vector by inserting the 
DHA fragment into a cloning vehicle and thereafter 
inaerting at least one DHA sequence encoding a recombinant 
protein into the thus modified cloning vehicle auch that 
tha DHA aaquence encoding the heterologoue protein ia 
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und.r th. control of th. tran.cription promoter; 
contacting th. r.co»bln.nt tran.fr vctor with .d.novir». 
DHX through homoiogou. recombination, and isolating and 
racovring th. d..ir.d recombinant adenovirus .xpr...ion 

vector. 

M.o within th. .cop. of th. pr...nt invention 
1. • m.thod for .ynth..islng a recombinant pret.in which 
compri... inf.ctlng mammalian ho.t c.11. with a 
r.coBbinant ad.noviru. .xpr...lon v.ctor wh.r.in th. 
«xpr.s.ion vector i. an adenovirus g.nom. comprising a DHA 
••qu«nc. .needing a recombinant prot.in and a DHA ..qu.nc. 
eo.pri.ing ..qu.ntially a transcription promoter, a high 
•ffici.ncy l.adar, at least on. .plicing .ign.l, an 
•nhancr-liJt. ..qu.nc, a cloning .it. and a plurality of 
polyadenylation .it..; growing th. mammalian ho.t cell, 
and recovering the de»ired product. 

With the construction of th. ad.noviru. 
expression transfer vector of th. pr...nt invention, 
unprecedented levels of recombinant gene expres.ion have 
been achieved in preferred host cells such as human and 
mammalian cells. More pr.f.rably, human 293 cells 
infected with help.r-fr.e adenovirus rscombinants 
generated with the best mode of the transfer vector of the 
present invention hav. producd recombinant prot.in. that 
represent the most abundant polypeptide in the cell, even 
exceeding the level of the mo.t abundant viral lat. 
protein, the hexon. 
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With the transfer vector of tha preeent 
invention, commercial production of recombinant protein, 
fro* ho.t call, infactad with recombinant plaemid. 
generated fro* this tranafar vactor la randarad poaaibla. 
on. major factor for tha economical production of 
recombinant protaina in tha adanovirua eyatem liaa in tha 
poaaibility to produca recombinant protaina in auapanaion 
culturaa. For example, tha human 293, hu-an KS62 and tha 
Hala call linaa or darivativaa tharaof baaring tha 
adanovirua El ragion which hava baan adaptad to grow aa 
•uapanaion. can ba ua.d preferentially. High l.v.1. of 
•xpraaaion can alao ba aohlavad in othar typaa of 
mammalian anc human calla, but it ia to ba nota that tha 
uaa of halpera may in aoma inatancaa ba nacaaaary. In 
ordar to achiava thaaa axcaptional and economical viable 
l.vala of expreeeion, it appaara that tha poaition in tha 
tranafar vactor of tha enhancer-like eequence, prafarably 
tha Ad2MLT anhancar-lika aaquanca rafarrad to pravioualy 
ia critical. The present invention will be more readily 
illuatrated by referring to the following deacrlption. 
IH T"« PBXWIHQB 

yig. a p'THv mi n nr 1 *"* 4 ™ af "roteln gvnthfmlft I n 2 93 
rP n. infa e t fl i v«riou« adenovlrut rftcowb l nnnta . 

cells were infected with Ad5*El/dM09, Ad5pVR39 or 
AdSVR112. At 20 h after infection, they ware labeled for 
2 h with ["] methionine. Total protaina ware extracted, 
reaolved by SOS-PAGE electrophoreaia (10%), andravaaled by 
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autoradiography. Th. pcition of th. Ad abundant l.t. 
profin.. hexon, 100K, p.nton .nd fiber a. w.U 
r .oo«bln.nt 8V40 i.rg. T .ntlg.n, .r. indicfd. 
Flg . a n l mr n mn - ™ .nimfnoiii ffl . P m frngmont « 
fm n Ml —.I mr„Hnn in Mi l ntnoi nr tntopls MLP 

rtlft frnrr ' ^" " t" n ' far Y,fitflrM <S " 

for d.t.il.). Th. di.gr— ar. not drawn to .«!. 

symbol.: (8S) .plicin, .ignal. (t P D tripartit. 1-d.r, 

(pA) poly.d.ny* ation signal. 

rlq , ) prnn^fiwi of rTftinhlnant M« 

yl9 , 4 rnnlnt. r— " " MBHS t,r,>OTlMr 

X.Btox*. A. ill«.tr.fd on th. di.gr..., pAdBMB v.. 
d.rlv.d fro. pAdBMl by .uec.lv cloning of BKV .nh.nc.r 
ele».nt. at Bgl II -if. nuol.otid.. 380 .nd 2590, and Ad2 
KU> .nh.ne.r-li*. .t Bbl II .it. n«cl.otid. 2010 

en pAdSMl »«P. All of th. g.n.tio .!.»«*. P r...nt In 
PAdBMl h.v. been d..crib.d in drt.il* in L.-rch. .t .1. 
■upr.. Th. inn.r nu.b.r on th. vctor r.f.r to po.ition 
Bap unit. («.u.) on AdS g.no». (for .ybol., — le*—. 
Fig. 2). Briefly. P ML2 1. th. *. coll r.pllcon, th. 

.•g»enf with d..h.d lin.. (0-1, and 9.4-15.5 m.u.) 

br.eK.tlng th. .x P r...ion c....tt. (between 1.0 and 9.4 

».u.>, .r. Ad 5 .ubg.non.ic portion, involved homologou. 

r.co.bin«tion to g.n.r.t. Ad r.co«bin.nt .. -hown in Fig. 

3 and in Ad replication. 
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hiln r-f — ^ q nmM"*^- <M " <Md frm> pMBM1 or pMB! » 
m — .r vrtof . 293 cell, wre infactad with Ad5- 
*B1/*B3, indicated in panels A and B. Hock 293 are non- 
infected 293 Mill. At 48 h after infection, total c.ll 
extracts were prepared and protalna vara raaolvad by 8% 
SDS-PAGB (panal A) or 10% 8DS-PACB (pan.l B) . Th. 
raaolvad protaina vera datactad by ataining with coomaesie 
blua. Molecular weight markere ara ahown on tha laft in 
panal A and on tha right in panal B. Tha position of th. 
abundant lata protaina, haxon, 100K, fibar aa wall ae tha 
recombinant Rl and R2, ara indioatad. 

PaTnlif" M^m"" °» — 

Tha invantion r.lat.a to an adenovirus tranafar 

15 v.ctor ua.ful in aehiaving production of high lavala of 
recombinant protaina in mammalian calla. Tha axpraaaion 
eaaaatta of th. tranafar vaetor of tha present invantion 
includaa a fragment which eompriaas aequentially a 
transcriptional promoter, a high efficiency leader, at 

20 leaat one splicing signal, a firet enhancer-like aequence, 
a cloning site, and a plurality of polyadenylation eitea. 
Preferably, the sequence also comprises a second enhancer- 
like aequence upstream frem tha tranacriptional promoter 
and two 5' donor sitae located upstream of the MLP 

25 enhancer-like sequence and one 3' acceptor aita located 
immediately downstream. The presence of tha aecond 
enhancer-like sequence appears to be optional aa marginal 



-21- 



20531 



.nh.ncement in expre.sion L obt.ln.d when It i. pr...nt 

in th. vector without th. lir.t enhancing-lik. ..qu.nc 

Preferably, th. transfer vctor of the present 
invention lac*, the « cod in, region which i. Known to be 
di.pen.ibl. for growth of the vlru. in cell culture. 
veil e. the El coding region which encode, protein. 
...enti.1 for th. activation of edenovlru. propter.. Th. 
lo.. of th. El r.gion in th. vctor i. complemented by an 
appropriate mammalian c.U lin. -uch .. 293 c.11. which 
co„.titutiv.ly express th. El protein fro- an integrated 
E1 (preferably Ad5El) coding region. Th... d.Ltion. 
.How for th. in..rtion of up to . 7-. Kb of foreign D8A 
,.t,.r.tin, conditioner helper-free .denoviru. vector. 
Adenoviru. vetor. ar. pr.f.r.bly -uited for the 
.xpr...ion of recombinant mammalian protein., particularly 
but not .xclu.iv.ly of human origin. 

H.lp.r-fr.. adenoviru. recombinant, generated 
with the transfer vector of the present invention are 
chosen to infect host cell, in an appropri.t. medium. 
Preferably, the culture ho.t c.11 i. a mammalian ho.t c.11 
and .or. preferably, • human c.11 of th. typ. described 
above. 

Among the transcriptional promoter, that may be 
used to prepare th. transfer vector of the present 
invention, strong viral promoter, ar. pr.f.rred becau.. of 
thair .fficiency in dir.cting transcription. Howev.r, 
oth.r transcriptional promoter, .uch a. th. mous. 
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..tallothion.in (MT-l, Pro»ot.r. th. SV40 l.te promoter, 
th . SV40 «.rly pro^-r .nd cytceg.loviru. (CKV, promoter 
„ y >. «..d. A particularly pr.f.rr.d vlr.l pro-ot.r 1. 
th. «jor lata pro-ofr <MLP> fro. .d.novlru.. 

Th. tran.f.r v.ctor of th. pr...nt invntion 
al .o includ.. a hl9^ -tfici-ntly !..«« l~.-i.fly 
down.tr..» fro. th. tr.n.criptional pr«ot.r. Pr.f.rr.d 
!..d.r aequ.nce. ar. viral l..d.r ..qu.nc which includ. 
th. ad.noviru. fir.t l.ad.r and th. ad.noviru. Ll-ix 
l..d.r, th. SV40 l..d.r and th. parvoviru. l.ad.r. A 
particularly pr.f.rred ..qu.nc. I. th. high 

affloi.ncy viral !•««. -noviru. tripartita l.adar 
(TPL) . 

Th. pr...nc. of .f f icl.nt .plicln, ..qu.nce. (3 
and 3') that hav. be.n functionally .hown to pa.ticip.t. 
in an »*NA dicing .v.nt ».y .l« b. required. Pr.f.rr.d 
splicing sequence, includ. 5< donor .it., of .ith.r th. 
first or the third seg-ent of the trepartite leader and 3' 
acceptor site from an immunoglobulin gene. 

with regard to the polyadenylation .ites, it 
..... that a plurality of .it.. L pr.f.rr.d in order to 
oenerat. th. highe.t po..ibl. l.v.l of the appropriate 
r.co.bin.nt proteins. The nu.ber of .it.. «y vary fro, 
2 to 5 but it would a PP ..r that th. preferred nu»b.r of 
.if. b. 3. Th. polyadenylation .It., th.t .ay b. cho..n 
for u.. in th. tr.n.f.r vector of the present invention 
,.y b. ..l.cted fro- but ar. not r..trict.d to th. group 



-23 



2053137 



consisting of 8V40 .arty or late poly A algnals, polyoma 
•«rly poly A, Ad5 h.xon UNA poly A eignale and ft-globin 

poly A signal. 

Tha prafarrad •nhancar-lllta aaquanca to bo 
introduce in tha tranef er vactor of tha praaant invantion 
i. a aaquanca normally locatad In tha intron batwaan tha 
first and tha aacond actlva aaquanca of tha tripartita 
isadar. In ordar to prasarva tha intagrity of tha 
tripartita leader, tha anhancar-liKa aaquanca was 
ralocatad furthar downetream fro. its normal position. 
Preferably, tha anhancar-lika saquanca is positionad about 
303 nuclaotidas furthar downatraa* from ita normal 
poaition in tha Ad5 genome. This ralocation of tha 
•nhanear-lika saquanca ralativa to ita normal poaition in 
tha Ad5 ganoma rasultad in a 2 3 to 3 fold incraasa in 
recombinant protain axpra.sion whan comparing a vactor 
davold of tha enhancer-like aaquanca such ss pAdBMl with 
a vactor bearing tha anhancar-lika saquanca downatraam 
from tha tripartita laadar such as pAdBM5 . Tha anhancar- 
lika aaquanca ie specifically exemplified at page 54 of 
Loong et al. (Journal of Virology. 1990, Vol. 64, No. 1, 
pp. 51-60. hereby incorporated by reference). It is 
possible that other enhancer-like sequences may be used at 
a similar position. It is also preferred to use a second 
enhancer-like sequence Immediately upstream of the 
translation promoter. A prafarrad enhancer sequence is 
the BKV Dun enhancer eequence which ia described in Berg 
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•t al., Huclalc Acid* Research, Vol. 16, Mo. l«, I9t». pp. 
9037, haraby Incorporated reference. Taata havo been 
conducted using an anhancar sequence upatraaa froa tha 
promoter without an enhancing ■•quence between tha 
tripartita laadar and tha cloning aita without noticing 
•ubatantial improvement in expression yialda. Thia aay ba 
an indication that tha aacond anhancar-lika aaquanco 
located upatraaa from tha promoter ia not abaolutaly 
required but doaa not axcluda tha possibility of a 
synergistic interaction batwaan tha two anhancar-lika 
sequences. 

Tha tranafar vector of tha praaant invention haa 
wida application in tha conatruction of recoabinant 
adenoviruses for tha production of recombinant protaina in 
mammalian cella. Thesa applicationa include the 
production of commercial quantities of therapeutic and 
commercially important protaina. Tha vactora of tha 
invention may be adapted to Include aaquencaa encoding 
proteins of interest and coding sequences which enhance or 
enable the expression of biologically active protaina of 
interest, it is important to note that the transcription 
of the foreign gene in tha resulting recombinant 
adenovirus takes place in tha opposite orientation from 
tha overall direction of tranacriptlon of the late 
adenovirua genome. Thia ia required because it haa been 
shown previously in other adenovirus recombinants that 
axpreaaion Jn the aama orientation aa tha overall 
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direction of tran.cription can interfere with the nor-al 
expression of other adenoviral genee in tho downetrew Bib 
rag ion. 

Tha expreeeion vactora of tha praaant invantion 
M y ba introduced into hoat calla by infaction uaing 
•ethode deacribad in tha prior art. An exaaple ia tha 
sethod daacribad by La«arche at al. aupra. Varioua 
■anal lan hoat calla ean ba uaad in tha contact of tha 
praaant invantion. E»a»plaa of MWialian calla includa 
hunan calla and bovina calla. Suitable .atwalian call 
linaa includa tha 293 (ATCC 1573) call Una, or Hola and 
K562 cell linaa aa vail aa derivativea expressing AdEl and 
isolates of theaa call linaa. although it will ba obvioua 
to thoaa akilled in tha art that ethar call linaa «ay ba 
prafarrad for tha production of particular protoina. Tha 
hoat call Una ahould ba aalactad on tha baaia of ita 
ability to produca tha protain of intaraat at a high laval 
and/or ita euitability for vary apaelfic poat-tranaitionai 
■odiflcation of tha dealrad protain. 

It waa found that whan uaing tha baat moda of 
tha tranafer vector of tha praaant invantion tha 
recombinant adanovirua raplicatad afflciantly to level, 
cloaa to 5 X 10* pfu/nl. It ia to ba noted that exceaaive 
expression lavala may in some inatancea reduce the titer 
b^low acceptable levela. However, in the caao of Ad5HSV- 
k* and Ad5HSV-R2 recombinants that illuatrate preferred 
embodimenta of tha praaant invention, even though a 
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auction in tit- .» « • - ~» 

tw «tlv. tit. v.. .till ro.tln.1, — . « « » *-/-• 

. uv.l -hich 1. « • Cl " "~ 

llrf ..c, th... t» r««bln.nt b "" 
.fficLntl, prodncd m »» «.P.-i« 
o, „p to » Ut.r.. «.«.. th. ~pr...l.» 

... >h. „r...nt inv.ntlon 1. ll*«lv 
th. pr«f.rr«d vector, of th. pr.~nt in 

to h. clo.. t. th. upp.r ll.lt .« th. .y.t» .h.n b..rln, 
.c.l.-up con.ld.r«tlon. In -in.. 

,h. follo-ln, .«■*!. 1" »" vld * 4 " 
„th.r th.n ll.lt th. .cop. of th. pr.~nt lnv.ntl.n. 

production .« m*U« .d..«lr... 

Th. oodln, ml- .« th. O."" 10 '""' 
,.„. t. <lr.t «l.n.d in . tr.».f« «.t.r .».h .. pAd.Kl 
(ot it. d.rlv.tiv..> »t th. ».1,« »«»« <*" l "» 
d«n.tr«. or th. .tr», ..ior X.t. pr»ot.r. Th. 
conduction o, vct.r pAd»l 1. d-~"~ '» """ M * 
... .opr.. Flour. , d«on.tr.t.. th. prod-ctlo- of 
r~o-.ln.nt .d.noviru. b.«d on tr.n.f.r v.=tor pMBHl. 

Th. r..»ltlno r.oo.bin.»t pl.»« 1. *»•" 
r..cu.d int. th. ,.no~ of th. .d.novlr«. v.ctor 
M5 . B 1,.» by in vivo ho.olooou. r«o«»in.tion b.t...» 
ov.rl.ppln, ..,-«.. on th. lln«ri..d pl...ld -nd th. 
l.ro. ri,ht-.nd fr.,~»t •* th. MS ,.■»«. 
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cotranef action of human 293 eel la* Thia call Una 
^onatitutivaly expreeeee tha Ad3 Bl gene product* which 
ara aaaantial for tha helper-free propagation of 
Ad5*El/*E3 darivad raconbinanta. Digaation of Ad5AEl/AP3 
5 viral DNA with Cla I prior to tranafaction allova for 
obtantion of recombinant adanovirua at a frequence of 3- 
201. 

Construction of adanovirua recombinant. 

1. Tha gana to axpraaa ia firat olonad in a 
10 tranafar vactor auch aa pAdBH-1 at tha uniqua BaaHX 

cloning site* Tha raaulting recombinant plasmid ia than 
rescued into tha genome of tha adanovirua vactor 
Ad5*El/*B3 by in vivo bono log ou a recombination between 
overlapping sequences on the linearised plasmid and tha 
15 large right-end fragment of Uia Ad5 genome. 

2. Preparation of pAdBJCl transfer plasmid. 

20*50 jig of plasmid DNA ia digested with Clal or 
£coRI, extracted once with but far-saturated phenol and 
chloroform/ isoamyl alcohol (24tl) . precipitated with 2.4 
20 volumes of ethanol and raauapended in 50 Ml of aterila TE 
1/10. The concentration of tha linearised plasmid ia then 
estimated in an agaroae gal. 

3. Preparation of Ad5*El/Al3 viral DMA, 

1. 293 cells infected with Ad5*El/AE3 at a m.o.i. 

25 of 5-10 ara harvested 40-48 h post-infection, washed twice 
with cold PBS and raauapended in 10 mN Trie pH 7.9 (2 
volumes par volume of cell pellet) • 
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a. The cell pellet i» then freeae-thawed 3 tiaaa to 

relcaae intracellular viral particlee, and extracted with 
1,1,2-trichlorotrifluoroethane (fraon) as follow: (all 
•tapa on lea) . Mi* an equal voltme of call auapanalon and 
fraon and bland In an oaniaixer at full epecd for a »in. 
Spin at aK for 15 «ln., collaot top phaaa (aquaoua) and 
reextract tha fraon phaaa twica with tha aaae voluae of 
buffar (10 *H Tria pM 7.9). 

3. Tha virione ara purified through 2 conaacutiva 

CaCl gradiente. 

1) fltiflff ?^«dlant 

in sw 27 ealluloaa nitrata tubaa, pour 8 al of 
CaCl 1.4 (53 gr + 87 ml of 10 mM Trio pH 7.9) and vary 
gantly on top pour 56 .1 of CaCl 1.2 (28.8 gr ♦ 92 al of 
10 aM Trio pH 7.9). Tha aquaoua phaaa containing tha 
viriona ia than loadad on top of tha diacontinuoua 
gradiant (up to 22 al/tuba) . 

cantrifuga at 23K for 90 ain at 0«C. 

Collact tha virua band by aida puncture. Dilute 
1/2 in 50 nM Tria pH 7.5, 1 bM BDTA. 

Using a gradiant aakar, pour continuoua CaCl 
gradiant in SW27 ealluloaa nitrata tubaa uaing 12 «1 of 
CaCl 1.4 and 14 al of CaCl 1.2. Lo«d *"™ of th « 
diluted virua auapanalon on top very alowly. 

centrifuge at 23k for 16-20 hra at 0»C. 
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Collect the viru. band by aide puncture and 
<Ji.lL. again.t 100 voluaee of 10 K Tri. pH 7.9, 1 «M 
EDTA (3 change.) and finally againat 100 w* Trla pH 8.S 1 

■M EDTJw 

ny ^tM^inn nf p ™ rrrm vigj«M 

inoubata at 57 «C for a hra with eelf-digeeted 
prona.e at a final concentration of 1 »g/»l and 808 0.5%. 

Add H.C1 to a final concentration of 100 aM, 
.xtract twic. with buf fer-aaturated phenol, one with 
chlorofor»/i.oa«»yl alcohol (24 il) and precipitate with 2.5 
voluaee of ethanol. 

4. Ad5*Bl/*E3 ia digeeted with an axceea of Clal 

(■ap unit 10) to ■inimlaa the fraction of undigeeted viral 
genoaea aince they repreaent the background noiaa in the 
aereening of recombinant virueea. 

Typically, 5 unite of Clal/j»g of viral DHA are 
added for 3 conaecutiva inoubationa of 1 hr at 37»C. 

An aliquot of the preparative digeetion ie 
further digeeted with tfindlll and analyaed by comparing 
the reetriction pattern with the pattern obtained upon 
digeation with ffindlll alone. If the Clal digeatlon ia 
incomplete, repeat the preceding etep. 

Clal-cut AdS*El/.E3 DMA ia then extracted once 
with buf fer-aaturated phenol and ehloroform/ieoaayl 
alcohol (24:1), precipitated with 3.S volumee of ethanol 
and reauspended in 50 jil of eterile TB 1/10. Th. 
concentration ia oetimated in an agaroae gel. Figure 4 
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illustrates the maps of both recombinant tranafar vactora 
pAdBKl and p Ad8M5 • 

4. Tranaf action of 293 calla to generate Ada 
recombinants • 

S 1. 293 ara platad in 60 am-diameter diahaa at 1*0 

X 10* cella/ml ona day prior to tranaf action (in DMEM ♦ 
10% rBS 4 antibiotica) . 

2* 5 of tranafar plaemid (linearised with ClaX 

or fcoRl) containing tha gana to axpraaa la mixed with 5 
10 Mg of Clal-cut Ad5*El/AE3 viral DNA and tranafactad onto 
sub-confluent 293 calla uaing tha atandard calcium 
phosphata tachnigua. 

3. As a control for tha tranaf action, 1 jig of 
Ad 5a El/ a E3 viral DNA + 9 Mg of carriar DMA ia alao 

15 tranafactad. Thia ahould yiald mora than 100 pi aqua*. 

4. After overnight incubation, tha DNA-calcium 
phoaphate co-precipitate ia removed, the calla monolayer 
washed once with E6TA 1 mM in PBS and twice with PBS and 
eplltted into 3 X 60 mm-dlamater dishes. 

20 5. After 4-6 hra, the medium ia removed and the 

cell nono layers are ovarlayed with Seaplagua agaroae 1% 
(mix agarose 5% 1:5 with DMEK + 101 FBS + antibiotica). 
6. Viral plaquee (uaually 20-60) that appear 

between daya 5 and 15 post-trane fact ion ara picked (aa 

25 agaroae plugs) and grown on 293 cells into 34 walla plataa 
(5 X 10 4 cells/well). (Complete CPE ia obtained in 3-7 
daya) . 
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t. ■or«rai>9 •»« purificatioa of Ml reooablaaate. 

X. Viral DMA froa- aOO Jil of ly»«te for each 

individual plaqu. i. .xtractad with 10 jil of 10% 6D8 and 
10 Ml of pronaaa (20 ag/al) incubated at 37»C for 2 nr.. 
a . Tha DMA ia than danaturad by adding 40 |il of 1M 

MaOH (incubatad at R.T. for -10 ain.) and nautralitad by 
adding aaquantially 40 ill of lM Tria pH 7.S and 40 al of 
IN HC1. 

3. Tha DMA ia finally put on a hybridiaation 
aaabrane ueing a dot blot apparetua and aeraan with tha 
appropriata proba following atandard procaduraa. 

4. Poaitlva plaque iaolataa ara taatad for 
•xpreealon 2 of tha baat clonaa ara furthar plaqua 
pur if lad twlca. 

a. Plaqua aaaay. 

1. Tha day before, 293 calla ara aaadad at 5 X 10 

ealla/CO aa plata) . 

a. Viral lyaatoa ara dilutad into oomplatad aadiua 

up to 10* 7 and tha laat 3 dilutiona <10* 5 , 10 -6 , 10" 7 ) ara 
uaad to infact 293 calla (0,3 ai /60 aa plata, for 60-90 
Bin). 

3. Tha dilutad lyaataa ara raaovad and tha 

aonolayera overlayed with 5 al of agaroaa 1% (mix agaroaa 
It 5 with DMEM + 10% FB8 * antibiotica) . Plaquaa appeared 

within 5-10 daya. 

A noval Ad expreaaion tranafer vector, pAdBMS, 
that allowa for the production of unprecedented levele of 
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recombinant protein uaing the Ad expreeaion ayatem hae 
bean described. High levela of expreeaion ware obtained 
by ralooating tha enhancer-lika aaquanca in tha intron 
looatad between aetiva aaquancaa 1 and 2 of tha tripartita 
laadar, aa ahown in Figura 2. It waa ahown that in human 
293 call* infactad with halpar-fraa Ad recombinants 
ganaratad with pAdBMS tranafar vector, tha racombinant 
protoin rapraaanta tha moat abundant polypeptide, avan 
axcaading tha laval of tha moat abundant viral lata 
protain, tha haxon. Pigura 5a illuatratas tha anhancad 
production of tha racombinant protoin in pAdBMS. 

Furthermore, it eeeaa that tha actual laval of 
axpraaaion obtainad with pAdBMS darivad raeoabinanta Ad la 
probably vary cloae to tha uppar limit of tha ayataa. 
riret, from tha laval obtainad with tha pravioualy 
raportad tranafar vaotor pAdBMl (Lamarcha at al. aupra) in 
tha ranga of 4% of total callular protaina, for both HSV 
Rl and R2 ganaa, up to 3 fold incroaaa haa baan obaarvad 
laading to lavala aa high aa 20% of total callular 
protaina, aa ahown in rigurea 5a and b. Thia laval ia 
highar than tha maximum obtainad for tha haxon oaa 
rigure 1) in 293 calla infactad with Ad5*/*E3 virue that 
do not oxpraaa foraign protoin and auggeata that in pAdBNS 
darivad Ad recombinant tha vary high production of tha 
racombinant protain takea placa at tha axpanaa of tha Ad 
abundant lata protaina. conaiatant with thia 

intarpratation ia tha observation that tha titara of tha 
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recombinant viruses sre significantly reduced, although 
not to the axtant that tha large sea la production of 
recombinant protain with tha Ad axpraasion aystem la 
affected. 

flenetmofcioH af laoa-mi fnalom protein Yeotor 

The HSV2-R2 coding region waa axpreeaed under 
tha control of the lac promoter aa a fusion protein 
containing 6 additional amino acid reaiduea derived from 
the lacZ gene using the following cloning strategy: 

1. A 2.7 kb (Bgl IZ-Pat I) fragment containing the HSV2- 
R2 coding region was first cloned into tha poly linker site 
of plica between the Bam HI and Pst I sites. 

2. The 560 bp (EooR I -Bam HZ) fragment at the 3' end of 
tha R2 gene waa deleted and the vector eelf-ligated with 
the appropriate Bam HZ linker to yield pM02. The plasm id 
Is shown in Figure 6. 

construction of vectora for suthenfcln mi omresslon 

In order to produce large amount of authentic R2 
protein, the R2 coding region was inssrtad into 3 
expression vectors aa depicted t 

1. pGEMtac, an *• coli expression vector using the strong 
tac promoter. 2 conatructione were generated in which the 
spacing between the Shine-Da lgarno motif and tha R2 
Initiator ATG waa 8 bp (Bgl II-BcI Z) or 13 bp (BcZ I-Bcl 
Z) respectively* 

2. PaC373I, an optimised baculovirus transfer vector, 
derived from pAc373, which uees the strong polyhedrln 
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p,o»of r and contain. th. co.pl.te polyhedrin leader 
••qu.no* up.tr.am of th. unique Ba» HI cloning .it.. To 
generate recombinant baculovtrua, pAc373I-R2 wa. r..cu.d 
into th. geno»e o£ Autograph, cali/omica nucl.ar 
polyh»dro.i. viru. by in vivo hemologou. r.co*bin.tion 
upon cotranaf ction with wild type AcMFV DMA into 819 
inaact call.. 

3. pAdBMl , an adanovirua tranafer vaotor which uaaa tha 
•trong Ad2 »ajor lata prcotar (MI*) and contain, th. 
adanovirua tripartita laadar and a aplica junction 
upatrea. of tha uniqua Ba» HI cloning eita. To g«n«rat« 
recombinant adanovirua, pAdBMl-Ra wae raacuad into tha 
gene*, of th. adanovlru. v.ctor Ad»*Bl/*B3 by Jn vivo 
hoBologou. recordation between overlapping .aquanea. on 
tha linearised plaa.id and th. larga right-end fragment of 
th. Ad5 geno«e, upon cotranafaotion of hu»an 293 call.. 
A •lailar procdur. waa rapaatad to yi.ld pAdBM5-R2. 
Pigur. 7 illustrate. pGEMtac-R2 , pAo3731-R2 and P AdBMl-R2 
(pAdBM3-R2 ia now ahown) . 

M r tffff rtii n n«i r«"*«i« nroduotloB mi l trtraot i o a 
g. eoli 

E. coll (.train JA221) containing the R2 
axpraaaion plasaid. pMD2 or pG«tac-R2 wara grown to an 

od of 2.0. Protein .xtracta wara praparad aaaantially 
590 , m 

a. d..crib.d by Ingar.ar.on at al. in 1989, Journal of 

Virology, 63, PP-1 3769-3776, haraby incorporated by 

reference. Briefly, the bacteria ware waahad in 28 *M 
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HEPE8 (pH 7.6), raauapandad in tha aa»a buffar to an OD„ 0 
of 200, than fraata in liquid nitrogan and thavad on ica. 
Kd, PMSP and agg whita lyaosyae vara addad to final 
concantationa of 80 mM, 1 aM and 300 w/bI. raapactivaly. 
and tha mixtura waa incubatad on ica for 20 »ln. Aftar 
ancthar cycla of fraaiing and thawing, call dabria wara 
raaovad by cantrifugation at 44.000 g for 60 »in at 4»C. 
Tha aajor part of tha auparnatant (cruda axtraet) waa 
frosan until furthar purification. A ainor fraction waa 
paaaad onto a aaall Saphadax fl-25 column to raaova R* 
Inhibitory aolaculaa and analyaad for R2 raduetaaa 
activity. 

Subconfluant 293 calla (1.0 X 10 § ) in 030 cm 
rollar bottla wara infaotad with AdSBNIIU or Ad5BM3R2 at 
10 PFU/calle. Tha calla wara harvaatad. usually 48 h., 
p.i.. washad twica with PBS, pallatad and raauapandad in 
SO aN HEPES (pH 7.8) with cold 2 «M DTT. Protaina wara 
axtracted by aonication and inaolubla aatariala wara 
raaovad by cantrifugation at 12,000 g for 10 min. A 
fraction of thia cruda axtraet (G-23-treatad) waa aava to 
aaasura R2 activity and tha ranaindar furthar purifiad. 

Bueulovlrua 

5f9 calla wara grown in auapanaion at a danaity 
of 2 X 10* calle/al and infactad with tha recombinant 
baculovirus BacR2 at 10 PPU/call. 48 h., p.i., calla wara 
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harvested and protein extracte were prepared as described 
above for tha recombinant adanoviruaaa . 
m )*4««t:i n n of m prottln 

Tha first stap of purification oonaists of 2 
suecessiva salt pracipitations. First, streptomycin 
sulfata was aided to tha cruda axtraet to a final 
concantration of 1%. After 1 h. of stirring at 4«c, tha 
auspanaion was cantrifuged at 12,000 g for 20 min to 
r amove the preoipitatad nuelaio aoids. Then, ammonium 
sulfata was added to obtain 30% of saturation for tha S. 
coll extracts and 60% for the euxaryotle cell extracts. 
After 30 Bin of stirring at 4»C and centrifugation aa 
above, the pellet was dissolved in 50 MM HEPE8 (pH 7.8), 
2 mM DTT (buffer A) and dialyaed against tha ease buffer. 

As second step, ar. anion exchange chromatography 
waa performed essentially as dssoribed by Lankinen at al. 
in Journal of General virology* l*»l« vol. 12, pp. 1383- 
1392, hereby incorporated by reference. Briefly, after 
tha ammonium sulfate precipitation, the supernatant was 
dialyzed overnight against two changaa of 20 mM BisTris- 
HCl, pH 5.8 and 10% glycerol. The preoipitata waa removed 
by centrifugation at 24,000 g for 40 min at 4*C. The 
supernatant was then loaded onto an FPLC anion exchanger 
MonoQ hr 10/10 column (Pharmacia) and R2 protein was 
eluted with * gradient of KCl. Fractions containing the 
R2 protein were concentrated by ultrafiltration using 
Centriprep-10 (Amieon) and washed twice with buffer B 
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confining 10% glycerol. Prof in R2 conc.ntr.tion in th. 
p»rifi.d fraction, v.. »...ur.d by th. Coo....i. blu. 
.ethod of Bradford d..cribad in An.l. Bioche... 197.. Vol. 
72, p. 248. h.r.by incorporated by r.f.r.nc. and with an 
« of 52,000 M-W 1 for th. n.arly ho.og.nwu. 

E 280-310 

preparation.. 

H8V R2 P rot.in product by th. four expreaaion 
vctor. r.f.rr.d to pr.viou.ly i. ahown in Pigur. 8. Th. 
protein. pr...nt in th. crud. «ctr.ct. (lana. X, 4 and 9). 
aft. r th. ammonium .ulfat. pr.cipit.tlon (lan.. 2. 5, 7 
and 10) and aftar th. PPLC column (lan.. 3, 6, a, 11 and 
12) war. ..parafd by SDS-PAGB and th. g.l wa. .tainad by 
Cooma.ai. blu.. Th. total amount of profin lo.d.d in 
aach track ar. givan in M at th. top of th. figur. and 
al.o th. concentration of R2 protain axpr....d •• 
parcantag. of tha total a«ount of profin. R..ult. ar. 
ahown in Pigur. 8 and in Tabl. 1. 
«» r.auotiH attit 

R2 r«ductaa. activity waa determined in th. 
pr...nc. of exce.. amount, of th. H8V2 Rl aubunit 
•xtractad from 293 c.ll. inf.ct.d with a r.combin.nt 
•danoviru. .xpr...ion vctor (Rl .p.cific .ctivity, 100 
U/mg). Raducta.. activity wa. m.a.ur.d by monitoring tha 
reduction of t 3 H)CDP a* pr.viou.ly r.porfd in Lamarcha at 
al. .upr.. The .f ndard reaction mixture contained 50 mM 
HEPBS, P H 7.8, 4 mM NaP, 90 mM DTT, 50 MM CDP, and 0.25 
M ci of l 3 H)CDV. One unit of ribonucleotide reducta.e wa. 
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10 



defined a> the Mount of ensyae eubunlt gyrating 1 naol 
of dCTP/h under the standard aaaay condition. 

Tha Bain concluaion of the praaant work ia that 
tha HSV-2 R2 protaln producad by tha two eukaryotic 
eyateae ia 3 fold mora activa than tha protain producad by 
X. coll. Thia ia particularly etriking froa tha 
coaparieon of tha Bean valuaa obtainad froa eix dif ferent 
aaaoniua aulfata praparationa of pMD2 R2 O.250 U/ag of 
R2) and of AdSBHS R2 (10,750 U/ag of R2>. Praliainary 
raaulta on tha aaaauraaant of raductaaa activity of 
authantic R2 protain producad in B. eoli by our pCEMtac 
vactor indicatad that thia protain axhibita an activity 
aiailar to tha ona of tha R2 fuaion protain. Therefore, 
it appaara unlikaly that tha praaanca of tha extra 6 aaino 
acid, on thia protain ia raaponaibla for ita lowar 
activity, inaff iciancy of X. coloi for tha ganaration of 
tha fraa tyroall radical or aoaa iaportant poat- 
traductional aodif icationa could account for tha lowar 
activity. 

The raaulta alao ahowad that tha bacterial 
ayatea with ita high level of expreaaion facilitate the 
purification of R2 protein! nearly hoaoganeoue 
preparations can eaeily be obtainad by a 2-atep procedure. 
Mien applied to the adenovlma recoabinant R2, the eaae 
25 procedure yielded preparationa that ware enriched to only 
50-60% with pAdBMl derived reeoabinante but to over 95% 
with pAdBMS due to ita higher production levela. 
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piAimt 

1. A recombinant transfer vector for 
introducing a DMA saquanoa encoding a recombinant protein 
into an adenovirus genome, said transfer vector including 
an expression cassette comprising sequentially a 
transcription promoter, a high efficiency leader, at least 
one splicing signal, an enhancer-like sequence, a cloning 
eite and a plurality of polyadenylation sites. 

2. An adenovirus transfer vector having the 
structure of vector pAdBMS shorn in Figure 4. 

3. a recombinant adenovirus expression vector 
capable of expressing a DMA sequence encoding a 
recombinant protein in mammalian cells, said expression 
vsctor being an adenovirus genome comprising a DNA 
sequence encoding a recombinant protein and a DNA sequence 
comprising sequentially a transcription promoter, a high 
efficiency leader, at leaet one splicing signal, an 
enhancer-like sequence, a cloning site and a plurality of 
polyadenylation sites. 
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